Effective discharge for suspended sediment load was determined for 21 sites in the Saskatchewan River basin at which sediment records range from 5 to 29 years in length. The drainage areas for these streams ranges from 10 to over 300,000 km •. The sediment discharge histograms have a variety of forms ranging from the classic unimodal form in which the peak occurs at discharges with a duration of 1-3% to those in which the effective discharge is the extreme event of record and cases in which a single effective discharge is difficult to define. The percentage duration of the effective. discharge ranges from less than 0. I % to over 15%, a greater range than previously has been reported. There is an obvious tendency for the percentage duration of the effective discharge to increase with drainage area and hence downstream through the drainage system.
INTRODUCTION
One of the tenets of fluvial geomorphology is that while sediment transport occurs over a wide range of discharges, the flows which, over the long term, accomplish the most work are those of moderate magnitude, close to bank-full, typically recurring once or twice/year [Wolman and Miller, 1960] . The notion of "work done" (sediment transported) by events of a given magnitude and frequency is distinct from, but related to, the effectiveness of these events in controlling channel form. Wolman and Miller [1960] suggested that in humid temperate environments the effective discharge for sediment transport would be very similar in magnitude to the dominant discharge controlling channel morphology. Wolman and Miller [1960' 1 proposed that the amount of sediment transported by flows of a given magnitude depends on the form of the relationship between discharge and sediment load and on the frequency distribution of the discharge events. The product of transport rate and frequency gives the cumulative sediment load transported by a given discharge.
Given a lognormal discharge frequency distribution and a power relationship between discharge and sediment load, the curve relating discharge to cumulative sediment load has a single maximum at some fairly high magnitude, but not extreme, discharge referred to as the effective discharge [Pickup and Warner, 1976; Andrews, 1980] . The duration of the effective discharge varies with the form of the frequency distribution of discharge and therefore with factors such as drainage area, drainage basin topography, and geology and the temporal pattern of precipitation inputs, and is also influenced by the nature of the sediment load. Thus Wolman and Miller [1960] demonstrated that the significance of high magnitude events was greater in smaller drainage basins and in ephemeral streams, while Andrews [1980'1 showed that the effective discharge for total sediment load was less frequent in smaller drainage basins which have more skewed daily discharge duration curves. There have been few attempts to confirm the validity of the effective discharge concept for fluvial sediment transport and to establish the magnitude of variation in its duration. Benson and Thomas [1966] showed that histograms of total load transported by increments of the discharge range could be used to identify the effective discharge. Their data indicate that the average percentage duration of the effective discharge for streams with drainage areas ranging from 584 to 357,000 km 2 is approximately !2%. These are more frequent discharges than those suggested by Wolman and Miller [1960] . The fact that similar quantities of sediment were transported by a wide range of discharges also lead Benson and Thomas to question the validity and applicability of the effective discharge concept. In particular, they pointed out that the effective discharge for suspended sediment transport was a smaller magnitude event than the "dominant" discharge to which the channel form responds. 
Duration of Ef[kctive Discharge
Despite the erratic nature of some of the sediment discharge histograms it is possible to identify a single discharge increment which has a larger cumulative sediment load than any other increment. The duration of the discharges at the upper and lower ends of this effective increment are shown in Table  1 . In all cases the duration is based on the seasonal flow and sediment record {April to October). During winter, discharges are consistently low and sediment load is negligible in all these streams, and therefore the sediment load histograms are affected very little by the use of the seasonal records. However, an important consequence of this is that the flow durations of the effective discharge increment are higher (by about one third) than they would be if annual data were used. Where the annual records are sufficiently long, the durations for the effective discharge increment for the annual data are also given in Table 1 and can be compared with the seasonal results for the same streams. Table 1 any previously reported and does not support any widely applicable generalization about the duration of the effective discharge. These data include sites at which the effective discharge is well in excess of the mean annual flood as well as several at which the effective discharge is exceeded more than 10% of the time.
A brief inspection of Table 1 reveals that the variation in duration of the effective discharge is related to the drainage area of the streams. This is illustrated in Figure 3 This relationship between effective discharge duration and drainage area is probably primarily a reflection of differences in discharge regime and flow duration characteristics. Thus for example, the skewness and range of the daily discharges tends to decrease downstream lAshmore, 1986] and therefore is inversely related to drainage area. An additional factor accounting for this relationship is that in the larger Prairie rivers suspended sediment concentration tends to remain relatively high even at low discharges, perhaps because of a large wash load, which may help explain high frequency of the effective discharge in those rivers.
Another factor to be considered in explaining this downstream trend in the duration of the effective discharge is the effect of flow regulation and consumptive use on the larger streams. In the absence of preregulation data it is impossible to establish the extent of this effect but two points can be made in this connection. First, the downstream increase in the percentage duration of the effective discharge occurs in the Red Deer River which was unregulated during the period for which the analysis was carried out. Second, the potential influence of flow regulation on the effective discharge is unlikely to be great except in two or three cases. Calculation of the natural flow of these rivers by Prairie Provinces Water Board [1982] South Saskatchewan River at Saskatoon (05HG001) and Saskatchewan River at The Pas (05K J001), both of which are strongly influenced by upstream reservoirs. Note that the station on the South Saskatchewan River near Outlook (05HF001) was discontinued prior to the impoundment of Lake Diefenbaker and hence the sediment transport data at that site are not influenced by the reservoir.
CONCLUSIONS
The form of the effective discharge histograms and the duration of the effective discharge for suspended sediment transport in streams of the Saskatchewan River basin are highly variable. In a sample of streams with drainage areas ranging from 10 to over I00,000 km 2 and with sediment records between 5 and 29 years in length, the duration of the effective discharge is less than 0.1% in some cases and over 15% in others, with the majority of stations having values between 1 and I0%. In extreme cases the effective discharge is the largest flow to occur during the period of sediment record. These results are largely based on seasonal records and must be compared cautiously with previous analyses of annual data.
In many cases the effective discharge histograms are not the simple unimodel distributions envisaged by Wolman and Miller [1960] and shown, for example, by Andrews [1980] , but rather they have a complex form sometimes having peaks of similar magnitude at two or more discharges with quite different durations.
The duration of the effective discharge is related to the drainage area of the streams, perhaps reflecting differences in the form of the discharge duration curves. The smaller headwaters basins in the Rocky Mountains and Foothills tend to be dominated by the most extreme events, while the large Prairie rivers with Mountain sources are dominated by frequent events with durations often greater than 10%. The high wash load of the large Prairie rivers may also be partially responsible for the frequency of the effective discharge in these rivers. The effective discharge at some stations on the downstream sections of the main stem North Saskatchewan, South Saskatchewan, and Saskatchewan Rivers may be influenced by upstream flow regulation. The tendency in these cases would be to increase the percentage duration of the effective discharge.
It is apparent from these data that the effective discharge for suspended sediment transport may be in many cases an event of moderate magnitude as previously suggested by Wo!man and Millet' [1960] and confirmed by Andrews [1980] . However, this is not true of all streams; in some cases extreme events may be the effective discharge while in others, particularly those with large drainage areas (greater than 10,000 km-'), very frequent events transport the greatest proportion of the load. The relationship between effective discharge and bank-full discharge is presumably correspondingly variable, making questionable any generalizations on this point.
Finally, in several streams similar quantities of sediment are transported by flows of quite different magnitude and frequency. In these cases the concept of an effective discharge for suspended sediment transport is inapplicable.
